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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing no defect silicon 
single crystal under a steady condition wherein at least defects such as OSF, FPD and 
LEP are not observed in the whole surface of a wafer which is obtained by slicing the 
grown silicon single crystal. 

SOLUTION: The silicon single crystal by Czochralski method is manufactured under the 
condition that the crystal is grown in a region in which at least defects such as OSF, FPD 
and L/D are not observed in the whole surface of the sliced wafer of the crystal and the 
crystal is grown by controlling an average cooling rate to >1°C/min when the crystal 
passes through a temperature range wherein a void is formed by aggregation of vacancy 
pore defect. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] When the raised silicon single crystal is sliced in the manufacture approach of the silicon 
single crystal by the Czochrlski method and it considers as a wafer While raising a crystal in the field 
in which OSF, FPD 3 and a ratio-of-length-to-diameter defect are not observed at least in the whole 
surface of a wafer The manufacture approach of the silicon single crystal characterized by 
controlling and raising so that the average of the cooling rate when passing the temperature zone in 
which a hole point defect condenses and a growth crystal forms a void defect may become more than 
1 degree C / min. 

[Claim 2] The manufacture approach of the silicon single crystal indicated to claim 1 characterized 
by making into 1080-1 150 degrees C the temperature zone which forms the void defect which 
controls said pass time. 

[Claim 3] It is the manufacture approach of the silicon single crystal indicated to claim 1 
characterized by making into 990-1050 degrees C the temperature zone which forms the void defect 
which controls said pass time when doping nitrogen to a silicon single crystal. 
[Claim 4] The silicon single crystal characterized by being raised by the approach given in any 1 
term of claim 1 thru/or claim 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing a silicon single 
crystal with very few growth defects, such as OSF, FPD, and ratio of length to diameter, by the high 
yield, all over a wafer in silicon single crystal training by the Czochrlski method. 
[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal 
produced with the Czochrlski method (it is hereafter written as a CZ process) used as the substrate 
has been increasing with detailed-izing of the component accompanying high integration of a 
semiconductor circuit. The defect of a single crystal growth reason in which the oxide film proof- 
pressure property especially called grown-in (Grown-in) defects, such as FPD, LSTD, COP, and 
ratio of length to diameter, and the property of a device are worsened exists, and importance is 
attached to reduction of the consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which 
determines each concentration of the point defect of the hole mold first called the Vacancy (it may 
outline Vacancy and Following V) incorporated by the silicon single crystal, and the mold silicon 
point defect between grids called Interstitial-Si (it may outline Interstitial-Si and Following I) 
incorporated. 

[0004] In the silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a 
silicon atom, and a field with many things like a hole, and the actual condition is called void-like 
defect of the octahedron which is the floe of a hole. On the other hand, an I region is a field with 
many lumps of the rearrangement and the excessive silicon atom which are generated when a silicon 
atom exists too much, and the neutral (it may outline Neutral and Following N) field without lack of 
an atom or an excess (few) will exist between V field and an I region. And with [ even if said grown- 
in defects (FPD, LSTD, COP, ratio of length to diameter, etc.) occur when V and I are in a 
condition / ****** / to the last, and it has the bias of some atoms ] saturation [ below ], it has turned 
out that it does not exist as a defect. 

[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of 
the crystal in a CZ process, and relation with the temperature gradient G near [ under crystal ] the 
solid-liquid interface. The defect called OSF (an oxidation induction stacking fault, Oxidation 
Induced Stacking Fault) near [ boundary ] V field and an I region When it sees in the cross section of 
the perpendicular direction to a crystal growth shaft, being distributed in the shape of a ring (it being 
hereafter called an OSF ring) is checked. 

[0006] And a classification of the defect of these crystal growth reason calls V field the field where 
grown-in defects by which it is considered as the void reason to which hole type point defects 
gathered when a growth rate is a high speed comparatively, the above before and after 0.6 mm/min 
and, such as FPD, LSTD, and COP, exist in high density throughout the direction of the diameter of 
a crystal, for example, and these defects exist. Moreover, when a growth rate is 0.6 or less mm/min, 
the field where an OSF ring is generated from the circumference of a crystal, the defect of ratios of 
length to diameter (Large Dislocation: the cable address of the dislocation loop between grids, 
LSEPD, LFPD, etc.) considered to be the dislocation loop reasons by the silicon between grids by 
the outside of this ring exists in a low consistency with the fall of a growth rate, and these defects 
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exist is called the I region (it may be called a ratio-of- length-to-diameter field). Furthermore, if a 
growth rate is made into a low speed below 0.4 mm/min order, an OSF ring will condense and 
disappear at the core of a wafer, and the whole surface will serve as an I region. The defect in this I 
region is also called LEP (Large Etch Pit) and a rearrangement cluster. 

[0007] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor 
LSEPD of a dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is 
discovered in the middle of V field and an I region in recent years. It is reported that this field is the I 
region side which is not so rich as there is almost no precipitation of oxygen by being in the outside 
of an OSF ring when oxygen precipitation heat treatment is performed and the contrast of a deposit 
is checked by X-ray observation etc., and LSEPD and LFPD are formed. 

[0008] Since these N fields existed aslant to growth shaft orientations by the usual approach when a 
growth rate is lowered, they existed only in the part in the wafer side. About this N field, it has 
recited that a parameter called V/G which is the ratio of a pull-up rate (V) and a crystal solid- liquid 
interface shaft-orientations temperature gradient (G) determines the total concentration of a point 
defect by the Voronkov theory (V. V.Voronkov;Journal of Crystal Growth, 59 (1982) 625-643). 
Only a crystal into which a core serves as an I region on the outskirts across N field in V field at a 
certain pull-up rate since it pulls up in a field, and the rate must be regularity and G has distribution 
in a field when it thinks from this was obtained. 

[0009] Then, distribution of G within a field was improved, and in this wafer side, when N field 
which existed only in the part was pulled up lowering for example, the pull-up rate V gradually, the 
crystal with which N field spread all over width at a certain pull-up rate could be manufactured 
recently. Moreover, in order to expand the crystal of this whole surface N field in the die-length 
direction, if a pull-up rate when this N field spreads horizontally is maintained and pulled up, it can 
attain to some extent. Moreover, when adjusting the pull-up rate in consideration of G changing so 
that it might be amended and V/G might become fixed to the last as the crystal grew, as it is, the 
crystal used as a whole surface N field could be expanded also in the growth direction. 
[0010] However, when a single crystal was raised in this whole surface N field, that pull-up rate 
margin (control range) was very as narrow as **v**0.02 mm/min extent (J. G.Park and Japanese 
crystal growth -society magazine vol. 27, 2000, ppl4), the pull-up by which the grown-in defect was 
occurred and stabilized in fluctuation of few pull-up rates was difficult, the yield was low, and that 
improvement was desired. 

[001 1] On the other hand, if the above-mentioned N field is classified further, there is a nickel field 
(field with much silicon between grids) contiguous to Nv field (field with many holes) contiguous to 
the outside of an OSF ring and an I region, and in Nv field, when thermal oxidation processing is 
carried out, there are many amounts of precipitation of oxygen, and it has turned out that there is 
almost no precipitation of oxygen in nickel field. 
[0012] 

[Problem(s) to be Solved by the Invention] Then, this invention was made in view of such a trouble, 
and when the raised silicon single crystal is sliced and it considers as a wafer, it aims at obtaining a 
defect- free silicon single crystal with which OSF, FPD, and a ratio-of-length-to-diameter defect are 
not observed at least in the whole surface of a wafer under the manufacture condition stabilized 
more. 
[0013] 

[Means for Solving the Problem] The manufacture approach of the silicon single crystal which it 
succeeded in order that this invention might attain said purpose, and is applied to this invention 
When the raised silicon single crystal is sliced in the manufacture approach of the silicon single 
crystal by the Czochrlski method and it considers as a wafer While raising a crystal in the field in 
which OSF, FPD, and a ratio-of-length-to-diameter defect are not observed at least in the whole 
surface of a wafer It is characterized by controlling and raising so that the average of the cooling rate 
when passing the temperature zone in which a hole point defect condenses and a growth crystal 
forms a void defect may become more than 1 degree C / min (claim 1). 

[0014] Thus, while maintaining V/G value predetermined in the field in which OSF, FPD, and a 
ratio-of-length-to-diameter defect are not observed at least in the whole surface of a wafer and 
raising a **** crystal If the average cooling rate when passing the temperature zone which a hole 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgiejje 



3/28/2006 



JP,2002-226296,A [DETAILED DESCRIPTION] 



Page 3 of 7 



point defect condenses and forms a void defect is quenched 1 degree C / above min N field or Nv 
field which exists in the outside of an OSF ring can be expanded, the margin of the pull-up rate of a 
crystal can be expanded sharply, and the effectiveness that the yield improves can be acquired. 
[0015] In this case, it is desirable to make into 1080-1 150 degrees C the temperature zone which 
forms the void defect which controls pass time (claim 2). Thus, if the 1080-1 150-degree C 
temperature zone of a growth crystal is quenched, the size of void defective floe will contract 
compared with annealing. When the average of a cooling rate is carried out over [ in 70 or less 
minutes ] for especially the pass time of this temperature zone 1 degree C / more than min, the size 
contraction effectiveness of floe is very large, and the expansion effectiveness of N field when 
pulling up with the value of predetermined V/G is also large. Therefore, it is stabilized and a silicon 
single crystal without a crystal defect can be obtained. 

[0016] Moreover, when doping nitrogen to a silicon single crystal, it is desirable to make into 990- 
1050 degrees C the temperature zone which forms said void defect (claim 3). Thus, when doping 
nitrogen to a silicon single crystal Since the temperature zone which forms said void defect shifts to 
990-1050 degrees C from 1080-1 150 degrees C when not doping nitrogen If the average cooling rate 
of the crystal in this temperature zone is carried out 1 degree C / more than min and is quenched, 
while N field when pulling up with the value of predetermined V/G will be expanded, the size of 
void defective floe can contract remarkably compared with annealing, and a silicon single crystal 
without a crystal defect can be obtained. 

[0017] Furthermore, according to this invention, the silicon single crystal characterized by being 
raised by said manufacture approach is offered (claim 4). When according to the manufacture 
approach of this invention the raised silicon single crystal is sliced and it considers as a wafer, the 
silicon single crystal with which OSF, FPD, and a ratio-of-length-to-diameter defect are not 
observed at least can be raised with the high yield under stable manufacture conditions in the whole 
surface of a wafer. 

[0018] Hereafter, although explained to a detail per this invention, this invention is not limited to 
these. In advance of explanation, lessons is taken from each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching 
and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD 
(Flow Pattern Defect) A pit and a ripple pattern arise by etching a front face with the mixed liquor of 
fluoric acid and water (Secco etching). This ripple pattern is called FPD, and the defects of oxide- 
film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high 
(refer to JP,4- 192345, A). 

[0019] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a 
thing without FPD, a call, and a flow pattern for the thing accompanied by a flow pattern (flow 
pattern) with SEPD. When it is thought in this that large SEPD (LSEPD) 10 micrometers or more 
originates in a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks 
through this rearrangement and it stops achieving the function as a P-N junction. 
[0020] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage 
of the wafer to LSTD (Laser Scattering Tomography Defect) after etching and removing a surface 
distortion layer with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infrared light 
can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out from the wafer front face. About the scatterer 
observed here, it is a society etc., there is already a report, and it is regarded as the oxygen sludge 
(Jpn.J.Appl.Phys. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of 
octahedron is also reported by the latest research. 

[0021] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core 
of a wafer, with COP (Crystal Originated Particle) — it is — Secco — by SC-1 washing (washing by 
the mixed liquor of NH4 OH:H2 02:H2 0=1:1:10), the defect set to FPD if dirty works as a 
selection etching reagent, and is set to COP. The diameter of this pit is investigated with light 
scattering measurement by 1 micrometer or less. 

[0022] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large 
Dislocation: cable address of the dislocation loop between grids), and is considered to be the 
dislocation loop reason by the silicon between grids. A large thing 10 micrometers or more is said 
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that LSEPD described above also in SEPD. Moreover, also in FPD which LFPD described above, 
the magnitude of a tip pit says a large thing 10 micrometers or more, and it is considered the 
dislocation loop reason also here. 
[0023] 

[Embodiment of the Invention] this invention persons had remarkably few FPD(s), LSTD(s), and 
COP which are in the outside of an OSF ring about the silicon single crystal growth by the CZ 
process in the middle of V field and an I region, and when a crystal was raised in neutral N field in 
which ratio of length to diameter does not exist, either, they examined expanding the range 
controllable to become in this field. 

[0024] Although some variations are looked at by the report, the temperature zone in which a hole 
point defect forms floe It is represented by 1080-1 150 degrees C 0- [ KTakano ] et al. and Mat.Sci. - 
- Foruml96 and p - 1707 and 1995; R.Falster et al. and Semiconductor Silicon 1998; The 
Electrochemical Society Proceeding Series and p — 468 and 1998; T.Saishoji et al. and High Purity 
Silicon V and The Electrochemical Society Proceeding Series and p — 28 and 1998. 
[0025] If time amount to which a crystal passes this temperature zone is shortened, it is known that 
size will contract although grown-in defect consistencies resulting from a void, such as COP and 
FPD, increase (1707 KTakano et al., Mat.Sci. Foruml96, p 1995). This was used, the size of the floe 
of a hole point defect was reduced by quenching, and it was conceived whether the range of the pull- 
up rate which can form N field of an OSF outside would be expandable. 

[0026] Drawing 1 explains the example of a configuration of the single-crystal-growth equipment 
first used by this invention. The heater 7 for the single-crystal-growth equipment shown in drawing 1 
to heat the crucibles 5 and 6 which hold a raw material 4, for example, raw material melt, like 
common single-crystal-growth equipment, and a polycrystalline silicon raw material, and fuse etc. is 
stored in the Maine chamber 1, it pulls up and the pull-up device (not shown) in which the raised 
single crystal which were formed successively on the Maine chamber 1 is pulled up is prepared in 
the upper part of a chamber 2. The single crystal rod 3 is formed under the seed crystal 17 by pulling 
up, the seed holder 18 for [ which a wire 16 is beginning to be rolled and attaches seed crystal 17 at 
the tip ] having been attached in the upper part of the pull-up chamber 2 being connected, and the 
seed crystal 17 attached in the point of the seed holder 18 being immersed in raw material melt 4, 
pulling up a wire 16 from a device (un-illustrating), and rolling round according to a device. 
[0027] In addition, the above-mentioned crucibles 5 and 6 consist of graphite crucibles 6 for 
supporting this quartz crucible 5 in the quartz crucible 5 which holds raw material melt 4 inside 
directly, and the outside. Crucibles 5 and 6 are supported by the crucible revolving shaft 19 in which 
a rotation vertical movement is free with the rotation drive (not shown) attached in the lower part of 
single-crystal-growth equipment 20, and in order to maintain a melt side at a fixed location so that 
crystal quality may not change by change of the melt side in single-crystal-growth equipment, only 
the part to which melt decreased according to the pull-up of the single crystal rod 3 is raising the 
crucible, rotating a crystal and hard flow. 

[0028] The heating heater 7 is arranged so that crucibles 5 and 6 may be surrounded, and it is 
prepared in the outside of this heating heater 7 so that the heat insulation member 8 for preventing 
that the heat from a heater 7 is directly radiated on the Maine chamber may enclose a perimeter. 
Moreover, inert gas, such as argon gas, is introduced into a chamber 1 and the 2 interior from the gas 
inlet 10 established in the pull-up chamber 2 upper part for the purpose of discharging outside a 
furnace the impurity generated in the furnace etc., it passes through the single crystal rod 3 under 
raising, and the melt 4 upper part, a chamber 1 and the 2 interior are circulated, and it is discharged 
from the effluence-of-gas opening 9. 

[0029] With the single-crystal-growth equipment used by this invention, in order to carry out forced 
cooling of the predetermined temperature zone which a hole point defect condenses the single crystal 
rod 3 under pull-up, and forms a void defect, even if there are few said Maine chambers 1 so that a 
cooling dome 1 1 may pull up and the inner single crystal rod 3 may be surrounded, it is extending 
toward a raw material melt front face from the head-lining section. At this time, the upper limit of a 
cooling dome 1 1 may be pulled up according to the situation of installation, or the temperature 
distribution in a furnace, and may be extended in a chamber. 

[0030] In the cooling dome 1 1 of the single-crystal-growth equipment 20 shown in drawing 1 , a 
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cooling medium is introduced from the cooling-medium inlet 12, and after this cooling medium 
circulates through the inside of a cooling dome 1 1 and carries out forced cooling of the cooling dome 
1 1, it is discharged outside. In addition, although the liquid or gas currently conventionally used as a 
cooling medium can be used as a cooling medium, it is suitable to use water from handling nature 
besides a cooling property, a cost side, etc. Moreover, if the flow rate and temperature of a cooling 
medium which are passed in these cooling domes 1 1 are adjusted if needed, since the heat extraction 
of a cooling dome 1 1 can be changed, it is possible for this to control the cooling rate of a growth 
single crystal free. 

[0031] Moreover, from said cooling dome 1 1, it extends caudad and has the cylinder or the cooling 
auxiliary member of a configuration whose diameter was reduced by going caudad. With the single- 
crystal-growth equipment 20 of drawing 1 , the cooling auxiliary member 13 of the shape of a 
cylinder extended near the raw material melt side from the lower limit section of said cooling dome 
1 1 is formed. The cooling auxiliary member 1 3 has surrounded the perimeter of the hot single crystal 
3 immediately after the ability pulling up, and has the effectiveness which interrupts a heater 7 or the 
radiant heat from melt 4 grade, and cools a single crystal 3. Moreover, while it is prevented that a 
cooling dome 1 1 approaches to right above [ of a melt side ] and safety is secured, the rectification 
effectiveness of the inert gas which carries out the lower stream of a river of near the crystal from the 
melt upper part is demonstrated. The cooling rate of a growth crystal is controllable free also by 
adjusting spacing from the die length of this cooling auxiliary member 13, a path, the quality of the 
material, and a lower limit to a melt side etc. 

[0032] The single-crystal-growth equipment 20 used by above this inventions By preparing 
combining a cooling dome 1 1 and the cooling auxiliary member 13 as mentioned above First, the 
radiant heat from heater 7 grade is interrupted by the cooling auxiliary member 13, and the very hot 
single crystal 3 immediately after growing up from melt 4 is effectively cooled. Since a cooling 
dome 1 1 is faced because it can pull up further, and it is cooled by the cooling dome 1 1 to the head- 
lining section of the Maine chamber 1 at least, a crystal reaches far and wide and a single crystal 3 is 
cooled efficiently. Therefore, since the outflow heating value from a crystal is removed certainly and 
the cooling effect is demonstrated to the maximum extent, the temperature zone which a hole point 
defect condenses and forms void **** can be cooled quickly. Independently, by installing the 
magnet which is not illustrated in the horizontal outside of the Maine chamber 1, and impressing 
magnetic fields, such as a horizontal direction or a perpendicular direction, to silicon melt 4, the 
convection current of melt is controlled and, recently, the so-called MCZ method for measuring the 
stable growth of a single crystal is used in many cases. 

[0033] (Experiment 1) MCZ possessing HZ (a hot zone, structure in a furnace) shown in above- 
mentioned drawing 1 — law — single-crystal-growth equipment (horizontal magnetic field 
impression) was used, 150kg of raw material polycrystalline silicon was charged to the 24 inch 
quartz crucible, and the silicon single crystal of the diameter of 8 inches (diameter of 200mm) and 
bearing <100> was pulled up. 

[0034] First, by changing spacing of the tip of the cooling auxiliary member 13, and the surface of 
hot water, the amount of water of a cooling dome 1 1, etc., the growth crystal changed various time 
amount which passes a 1080-1 150-degree C temperature zone, i.e., averages of a cooling rate, and 
grew up N field crystal. It asked for defective distribution and defective size about the wafer of the 
single crystal pulled up. Consequently, OSF, FPD, and ratio of length to diameter were not observed 
by the crystal which was able to be pulled up, but it checked into it that it was N field crystal of an 
OSF outside. 

[0035] Next, when pulling up a single crystal using the above-mentioned equipment, the gradual 
decrease test controlled to dwindle a tail from a crystal head in the range of 0.7 mm/min to 0.3 
mm/min, applying a growth rate was carried out, and it asked for the relation of the time amount and 
growth rate margin **V which pass a 1080-1 150-degree C temperature zone. **V is the growth rate 
Vmax of the upper limit which OSF does not generate here. Growth rate Vmin of the minimum 
which ratio of length to diameter does not generate As a difference, it is **V= Vmax- Vmin. It 
defines. 

[0036] The above result is shown in drawing 2 (a). When it adjusts, it pulls up from drawing 2 (a) so 
that the conditions which form N field of an OSF outside for the pull-up growth rate V may be 
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fulfilled and the time amount which passes 1080-1 150 degrees C which is the temperature zone 
which forms a void defect is changed, it turns out that the margin of a growth rate changes sharply 
and carries out sudden expansion size in 70 or less minutes. The average cooling rates of the crystal 
at this time are more than 1 degree C / min. It is possible to mean attaining about 4 times as many ** 
[ as this ] V, when the case of quenching is compared with the case of annealing, and for 
manufacture of a defect-free field to become easy, and to increase the yield certainly. Moreover, V/G 
value which an OSF ring generates conventionally were made into the constant (W. vonAmmon et 
al., Journal of Crystal Growth, vol.151, p273, 1995; M.Hourai et al., Semiconductor Silicon 1998, 
The Electrochemical Society Proceeding Series, p453, 1998; JP,8-330316,A, etc.). However, it is 
suggested that V/G value changes with the cooling rates of a crystal in this experiment. 
[0037] (Experiment 2) It asked for the relation of the time amount and the growth rate margin which 
pass 650-950 degrees C called temperature zone in which the oxygen between grids deposits by the 
same approach as experiment 1. The result is shown in drawing 2 (b). As this drawing shows, a 
correlation is weak and it turns out that it is not important for the cooling rate of a low-temperature 
field as an element to which a growth rate margin is expanded. In addition, although **V is carrying 
out sudden expansion size in the field for about 500 minutes, if it is going to quench 650-1 150 
degrees C by about 500 minutes and will not quench 1 150-1080 degrees C when it investigates, it 
will be thought that a pull-up of a crystal is impossible and it is the effect. 

[0038] After being based on the knowledge acquired in the above experiment, this invention person 
etc. repeats examination wholeheartedly and hits on an idea to this invention. In the manufacture 
approach of the silicon single crystal according [ the manufacture approach of the silicon single 
crystal of this invention ] to the Czochrlski method When the raised silicon single crystal is sliced 
and it considers as a wafer, while raising a crystal in the field in which OSF, FPD, and a ratio-of- 
length-to-diameter defect are not observed at least in the whole surface of a wafer It is characterized 
by controlling and raising so that the average cooling rate when passing the temperature zone in 
which a hole point defect condenses and a crystal forms a void defect may become more than 1 
degree C / min. 

[0039] Thus, while maintaining V/G value predetermined in the field in which OSF, FPD, and a 
ratio-of- length-to-diameter defect are not observed at least in the whole surface of a wafer and 
raising a **** crystal If the average cooling rate when passing the temperature zone which a hole 
point defect condenses and forms a void defect is carried out 1 degree C / more than min and is 
quenched The effectiveness that N field or Nv field which exists in the outside of an OSF ring is 
expanded, the margin of the pull-up rate of a crystal is expanded sharply, the stable growth of it 
becomes possible, and the yield improves can be acquired. 

[0040] And compaction (increment in the average of a cooling rate) of the pass time of the 
temperature zone which a hole point defect condenses and forms a void defect is attained by 
increasing the average temperature gradient G in the temperature zone. What is necessary is just to 
use for achievement of big G HZ possessing a crystal cooling dome which surrounds a crystal. 
Accommodation of the pass time of the temperature zone which forms hole point defect floe is 
attained by the pull-up rate. However, since a pull-up rate is prescribed by the value of V/G in the 
growth interface which is the requirement of N field formation in many cases, as for the pass time of 
each temperature zone, adjusting by G is realistic. 

[0041] In this case, as a temperature zone which forms the void defect which controls pass time 
(average value of a cooling rate), although 1080-1 150 degrees C is chosen, when doping nitrogen to 
a silicon single crystal, it is desirable to make into 990-1050 degrees C the temperature zone which 
forms said void defect. If nitrogen is doped to a silicon single crystal, while N field will be 
expanded, it is said that defective size becomes small (499 M. Iida et al., High Purity Silicon V, The 
Electrochemical Society Series, p 1999). And when doping nitrogen to a silicon single crystal Since 
the temperature zone which forms said void defect shifts to 990-1050 degrees C from 1080-1 150 
degrees C when not doping nitrogen If the average of a cooling rate is quenched as more than 1 
degree C / min over [ in 60 or less minutes ] for the pass time of this temperature zone, while N field 
when pulling up with the value of predetermined V/G will be expanded further The size of void 
defective floe contracts further, it is stabilized further and a silicon single crystal without a crystal 
defect can be manufactured. The nitrogen concentration to dope is 3 5x1015 pieces/cm. It is good to 
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consider as the following. 
[0042] 

[Example] Although the example and the example of a comparison of this invention are given and 
this invention is explained concretely hereafter, this invention is not limited to these. 
(Example) MCZ possessing HZ with the crystal cooling dome shown in above-mentioned drawing 1 
— law — single-crystal-growth equipment (horizontal magnetic field impression) was used, 150kg of 
raw material polycrystalline silicon was charged to the 24 inch quartz crucible, and the silicon single 
crystal of the diameter of 8 inches (diameter of 200mm) and bearing <100> was pulled up. Under the 
present circumstances, radial distribution **G of the temperature gradient in a growth interface was 
controlled, and the growth rate V was adjusted so that V/G might form N field of an OSF outside. At 
this time, the time amount which passes a 1080-1 150-degree C temperature zone was 46 minutes, 
and the averages of a cooling rate were 1.5 degrees C / min. Moreover, by the same growth rate 
gradual decrease test as the above, the growth rate margin was **V=0.076 mm/min. 
[0043] It asked for defective distribution and defective size about the wafer of the single crystal 
pulled up. Consequently, OSF, FPD, and ratio of length to diameter were not observed by the crystal 
which was able to be pulled up, but it checked into it that it was N field crystal of an OSF outside. 
[0044] (Example of a comparison) The silicon single crystal was pulled up on the same conditions as 
an example except having annealed the time amount which passes a 1080-1 150 above-mentioned 
degrees C temperature zone as 126 minutes. In this case, most contraction of void defective size was 
not accepted. Moreover, by the growth rate gradual decrease test, the growth rate margin of the 
average value of a cooling rate was **V=0.018 mm/min to 0.56 degrees C / min for pass time = 126 
minutes. 

[0045] Above shows having attained the about 4 times as many growth rate margin as this as 
compared with a conventional method in the example. 

[0046] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0047] For example, in the above-mentioned operation gestalt, although the example was given and 
explained per when a silicon single crystal with a diameter of 8 inches was raised, this invention is 
not limited to this but can be applied also to the diameter of 10-16 inches, or the silicon single crystal 
beyond it. Moreover, it cannot be overemphasized that this invention is applicable also to the so- 
called MCZ method for impressing a level magnetic field and length magnetic field, a cusp field, etc. 
to silicon melt. 
[0048] 

[Effect of the Invention] As mentioned above, according to the manufacture approach of the silicon 
single crystal of this invention, as explained to the detail, N field or Nv field which exists in the 
outside of an OSF ring is expanded, and as a result of expanding the margin of the pull-up rate of a 
crystal sharply and the stable growth of it becoming possible, improvement in the yield can be aimed 
at. Furthermore, the manufacture approach of this invention can be applied also to training of a 
nitrogen dope silicon single crystal, and can raise a defect-free nitrogen dope silicon single crystal. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the single-crystal-growth equipment used by this 
invention. 

[Drawing 2] It is the related Fig. showing the margin of a crystal pulling rate, and the relation of the 
pass time in each temperature zone of a growth single crystal, (a) 1080-1 150 degrees C (b) 650-1 150 
degrees C. 

[Description of Notations] 

1 — Maine chamber 2 — Pull-up chamber 3 — Single crystal (rod), 4 — Raw material melt 5 — Quartz 
crucible 6 — Graphite crucible 7 — Heater, 8 — Heat insulation member 9 — Effluence-of-gas 
opening 10 — Gas inlet 1 1 [ 13 — Cooling auxiliary member 16 / 18 — Seed holder 19 — A crucible 
revolving shaft 20 — Single-crystal-growth equipment. I — A wire 17 — Seed crystal ]— A cooling 
dome, 12 — Cooling-medium inlet 

[Translation done.] 
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[Drawing 1] 




[Drawing 2] 
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